Rate -based non-equilibrium dynamic simulation model for CO 2 removal at high pressure is presented in this research. To ensure the smoothness in the operation plant for natural gas process, therefore the process control need to be designed based on the dynamics model studied. In order to successfully design a dynamic model, steady state model simulation model need to be established and in this research, Aspen Plus simulator had been utilized. The input data and information for the simulation had been acquired from the real pilot plants that operate at 15bar using structured column of FLEXIPAC 1Y. Dynamic analysis is conducted to observe the effect of changing the lean solvent flow rate and thermodynamic state on the MEA absorption column behavior. It is observed that the model satisfactorily predicts the pilot plant behavior under multiple inputs and disturbances.
Introduction
The sweetening process referred to removal of CO 2 and H 2 S from natural gas to achieve pipeline standard specification before distribute to customers. CO2 will not only reduce the market value of natural gas since it is not combustible but also cause corrosion in the pipeline once exposed with water vapor [1] [2] [3] . There are many methods had been used for CO 2 capture but chemical absorption is most profound due to the availability of the solvent and the techniques had been established a few decades ago [4] [5] [6] . Monoethanolamine (MEA) is the most usable solvent around the world since it cheap and stable compound [7] .This project is conducted to study the operation of CO 2 removal from the natural gas through dynamic modelling and simulation. The purpose of dynamic study is to observe the capability of prediction from the model under various changes and disturbances. The transient conditions include production rate changes, rapid changes of temperature or pressure and also composition variability. This is essential to design process control to ensure the optimization of process plants [8, 9] .
In order to develop dynamic simulation model in simulation software, there are two basic stage models or method. The easiest and easily used is the equilibrium model. It is assumed that perfect mixing occurs in each stage and reach equilibrium at theoretical stage. [10] . The rates of absorption in this process are determined by two main mechanisms, mass transfer and chemical reaction. This assumption is combined with mass and energy balance equation to determine the concentration and temperature along the packed column. This approach is more suitable for non-reactive system.
Another approach for description of separation units is the so called non-equilibrium rate based approach. This method is more suitable for the reactive process such as CO 2 absorption in MEA. In rate-based modeling, the vapour-liquid equilibrium (VLE) is assumed occurs at the phase interface. The mass transfer between the vapour and liquid phases is modeled based on Maxwell-Stefan formulation and the two-film theory [11] . This method is more rigorous, but the accuracy of the calculation is greater than equilibrium rate [12] . It has direct link from the column internal and the design. Most of the researchers on modeling of CO 2 absorber used rate based approach to develop models on mass balance, heat balance, thermodynamic, equilibrium relation and mass transfer. However, limited studies are found from the literature about the dynamic CO 2 absorption modeling at high pressure for high CO 2 concentration at offshore platform. The reaction between CO 2 and MEA can be described with zwitterion mechanism [13] . Below is the reaction in CO 2 -MEA absorption process;
MEA deprotonation:
In order to perform an accurate simulation, the choice of thermodynamic property models need to be carefully selected. There are many factors that influenced the choice of thermodynamic package such as nature of property, the composition of mixture, pressure and temperature range as well as the availability of parameters. This essential step is very cucial to produce correct calculation of mass and energy balance. Due to that, this research had exploited the ENRTL package that provided in the Aspen Plus simulator to approximate the physical properties needed for this process to ensure the simulation converge. This package had been chosen as fluid package for this simulation model since it provides rigorous thermodynamic framework to estimate ionic activity, solute and solvent fugacity.
Methodology

Simulation of Steady State Absorption
The data for the absorber column and feed data had been collected from the Universiti Teknologi PETRONAS (UTP) pilot plant. The operating pressure for the process is set to be 10 bar with temperature range between 30-35 0 C. The inlet gas ratio between CO 2 and CH 4 is set to be 1:1 to emulate the high concentration of CO 2 in natural gas at offshore platform. In order to simulate the steady state condition, the present model follows the following assumptions [13] ;
Counter current with well mix between vapour and liquid. Model parameters are constant along the height of column. The vaporisation of solvent is negligible. The heat release to surrounding is very small. The heat and mass transfer between phases follow the two film theory.
In this model, the natural gas flow rate stream is about 50.24 slpm and the flow rate of CO 2 is about 49.2 slpm. The liquid solvent flow rate is 0.93 kg/min with temperature ranging from 30-35 0 C. The absorption column had utilized structured packed column type Flexipac 1Y with inner diameter of 0.145 m and the height of column is about 1.5m [14, 15] . Structured packed column type Flexipac 1Y is selected since it provides a lower pressure drop per theoretical stage and the capacity is improved compared to trays or random type packing. The simulation of steady state is established as in Figure 1 with another additional setting is presented in Table 1 . sizing. Therefore, the hydrodynamic information such as mass transfer coefficient, effective interfacial area and hydraulic need to be specified. Besides, two modes of simulation need to be set either pressure driven or flow driven. In this model, flow driven had been selected. Once, all the necessary information had been provided, the steady state will again converge and dynamic environment will be activated. Figure 2 shows the dynamic environment with additional equipment sizing. Figure 3 shows the dynamic behavior of the MEA absorption process when the MEA inlet solvent had been varied. In the simulator, the mass flowrate of MEA solvent is being increased from 50 kg/hr to 75 kg/hr at time of 0.2 hours. Hence, it is observed that the mass fraction of CO 2 in the sweet gas had been decreased. This trend is expected because when the mass flowrate of MEA increased, the concentration of MEA also increase and therefore it provides more active area for the absorption to take place. 
Fig. 2. Dynamic Model in Aspen Dynamic Environment
Result & Discussion
Dynamic Behavior: MEA liquid Flowrate
Dynamic Behavior: MEA Liquid Temperature
The temperature of the inlet solvent stream had been increased from 30 o C to about 50 o C. When the temperature had been increased, the dynamic behavior for the process can be seen where the mass fraction of CO 2 absorbed in the used solvent also start decreasing. This shown that by increasing the temperature of the MEA inlet solvent, the efficiency for the absorption process will be decreased. The main reasons for this is because when the temperature of the MEA solvent increased, MEA will start to degrade, thus decreasing the efficiency of the process. It is essential to note down that temperature play a great penalty in CO 2 -MEA absorption process and the efficiency of the removal usually take place in the temperature range from 30 o C to 40 o C. 
Dynamic Behavior: MEA Liquid Composition
The composition of MEA is being manipulated in the MEA solvent stream by varying the mole fraction at certain time from 0.2 to 0.4. It can be shown in the Figure 4 that the mass fraction of the CO 2 absorbed in the solvent had been slightly decreased before increasing back when the composition of MEA increased from about 0.2wt% to about 0.45wt%. The reasons for the slightly decrease is because of sudden increase of the MEA composition in the inlet solvent, the simulation need to stabilize the process back, however the true dynamic behavior can be seen at time 0.4 hours when the mass fraction of CO 2 is increasing. The efficiency of this process depended on the amount of composition of MEA in the inlet solvent, while the efficiency will be increased when the composition also increased. 
Flow Controller
From the Figure 6 , the function of the controller is being investigated by introducing the step disturbance into the system. For this case, the sudden increasing of the mass flowrate from 50kg/hr to 75kg/hr had been used as the step disturbance. It can be seen that when the mass flowrate is increasing, the controller do their role by decreasing (green line) the opening of the valve after the stream, this is to maintain the flow at 50kg/hr at all time. The main reason for maintaining the flowrate is to prevent disturbance to the process as the efficiency of the process will be affected and problem may arise. Thus, it is better to fix the flowrate at certain value for the ease of operation. 
Temperature Controller
From the Figure 7 , the function of the controller is being investigated by introducing the step disturbance into the system. For this case, the sudden increasing of the mass flowrate from 50kg/hr to 75kg/hr had been used as the step disturbance. It can be seen that when the temperature increased due to increase in mass flowrate, the temperature of the column also increased, then the controller will decrease (green line) the value of the column as to maintain the temperature of the column. The main reason to maintain the temperature of the column is to prevent the MEA solvent degrade due to high temperature thus disturbing the efficiency of the overall processed. 
Pressure Controller
From the Figure 8 the function of the controller is being investigated by introducing the step disturbance into the system. For this case, the sudden increasing of the mass flowrate from 50kg/hr to 75kg/hr had been used as the step disturbance. From the Figure 8 , it can be seen that when the level increased due to increase in mass flowrate, the controller will increase (green line) the opening of the valve at the top product of the column so that the excess gas will exit and the pressure inside the column can be maintained. This type of controller is very important to control pressure drop and hence sustaining the quality of the product. 
Conclusion
This study had been carried out to determine the effect of disturbance in the overall process especially the CO 2 composition and the suitable controller to respond for the behavior changes to optimize the system. The step change disturbance that had been introduced to the system during the dynamic simulation had caused some change in the absorption process. Thus, several controllers had been installed in order to retain the efficiency of the process.
